In this study, life cycle cost (LCC) is analyzed according to insulation panel system type using a deterministic LCC analysis method. Through this analysis, it was found that the construction cost in the deterministic LCC analysis for Ceramic panels was low compared to the construction cost for metal and stone panels. Also, the difference in cost between the Ceramic panel and the metal panel was about 2 times. In the area of maintenance cost, it was found to be similar to the previously analyzed construction cost, in which the metal panel has the highest cost due to the high cost of construction and the frequent need for maintenance. In the case of the stone panel, a small difference in cost is shown compared with that of the Ceramic panel, but the cost is higher than the Ceramic panel. Regarding the cost of waste disposal, the Ceramic panel can reduce the cost by at least 1.5 times and up to 2 times compared to other panel systems. Finally, in the analysis of sensitivity according to changes in discount rates, the Ceramic panel and metal panel systems have a similar cost, and the cost of the metal panel is a bit larger than that of other panel systems. Thus, in the subjects used in the analysis, the Ceramic panel system shows the highest economic benefits.
1. Introduction
Research background and objective
Of total energy consumption in Korea, building structures accounted for about 30%, and of total energy consumption in Seoul Metropolitan city, the construction sector accounted for about 60%. For this reason, it is urgent that efforts be made to achieve energy savings in the area of building tougher. In addition, interest in green buildings has been on the rise in the public and private sector [1] . To save energy, installing insulation panels at a more affordable price is more important than anything else [2] . However, the insulation system that is currently in wide use is not only expensive but is also poorly maintained, resulting in a short service life. In addition, there are difficulties and dangers inherent to installing insulation panels due to their heavy weight. For these reasons, this study aims to develop an integrated structural insulation panel system in which a structure and internal and external insulation panels are incorporated as one by placing the insulation panels on the internal and external walls of the structure during concrete placement. 
Research trends of deterministic LCC analysis
Before the research was performed, the existing literature on the deterministic LCC analysis was reviewed. The studies recently done by Chung et al. [4] , Lee et al. [5] , Joe and Lim [6] , and Choi et al. [7] all used deterministic LCC analysis. Chung et al. [4] sought to suggest the most economical insulation in terms of energy loss of heating pipe and cost reduction by comparing generally used insulation materials and insulation materials with low thermal conductivity, because heating pipes are known as one of the main factors influencing energy loss. In addition, Lee et al. [5] conducted an LCC analysis comparing the economic feasibility of the existing cooling and heating system and the new cooling and heating system using geo-thermal energy, one of the new renewable energies. Joe and Lim [6] implemented an economic assessment comparing an existing general window system and a window system with built-in type blinds, and
Choi et al. [7] conducted economic evaluation of a rooftop waterproofing method using the LCC analysis to suggest the optimal rooftop waterproofing method. was applied as the real discount rate calculated on average by applying the following equations [8, 9] .
LCC analysis method
The design cost and construction cost were analyzed as the initial cost for the deterministic LCC analysis. A discount rate of 1.0% was applied to the costs occurring for the 45-year service life to convert to present value. The following conversion formula was used for the LCC analysis [10] .
Rate, n=Period)
Repair and replacement cycle
As indicated in Table 3 , the repair and replacement cycle of each panel system was set based on the criteria on the long-term maintenance plan for insulation wall panels stipulated in the Housing Law Enforcement Regulation. 
Energy cost
The energy cost for each panel system was researched based on the annual energy cost data for an apartment building collected through advice from experts with at least 5 years of practical experience at S Company, which is specialized in facilities. Taking into account that glass wool was used for each system, there seemed to be no significant differences in energy cost, and no analysis was done.
Estimation of dismantling and disposal cost
The actual cost of dismantling and disposal could not be estimated, and the approximate cost was applied based on the cost data (from the most recent 5 projects) from T Company specialized in the dismantling and disposal of apartment external wall panels. Table 7 and Figure 4 indicate the maintenance cost by insulation wall panel type. For the extrusion ceramic panel, the cost is shown to be less expensive than that of the metal panel, while the maintenance cost is shown to be much less expensive, at KRW110,000/m 2 less than the metal one. It was determined that this is because the original materials for the ceramic panel are cheaper, and the repairs are significantly simpler than for the metal one. The cost difference between the panel types ranged from about 10% up to 50%. Figure 6 shows the sensitivity analysis performed by varying the discount rate, which is assumed to change from 1.0% to 3.0% in increments of 0.5% each. Overall, the higher the discount rate, the bigger the change in LCC cost. The changes in LCC cost according to discount rate were shown to be similar in the ceramic and stone panels, while significantly larger in the metal one. 
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